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Available online 23 September 2014AbstractBackground: Glenohumeral internal rotation deficit (GIRD) is a risk factor for shoulder and elbow injury in baseball players. Although this
evidence forms a basis for recommending stretching, clinical measures of internal rotation range of motion (ROM) do not differentiate if GIRD
is due to muscular, capsuloligamentous, or osseous factors. Understanding the contributions of these structures to GIRD is important for the
development of targeted interventions. We hypothesize that the osseous component will have the greatest relative contribution to GIRD, followed
by muscle stiffness and posterior capsule thickness.
Methods: Internal rotation ROM, muscle stiffness (teres minor, infraspinatus, and posterior deltoid), posterior capsule thickness, and humeral
retrotorsion were evaluated on 156 baseball players. A side-to-side difference was calculated for each variable. Variables were entered into a
multivariable linear regression to determine the significant predictors of GIRD.
Results: The regression model was statistically significant (R2 ¼ 0.134, F(1, 156) ¼ 24.0, p < 0.01) with only humeral retrotorsion difference
remaining as a significant predictor (b ¼ 0.243, t156 ¼ 4.9, p < 0.01). A greater humeral retrotorsion side-to-side difference was associated
with more GIRD.
Conclusion: Humeral retrotorsion accounted for 13.3% of the variance in GIRD. The stiffness of the superficial shoulder muscles and capsular
thickness, as measured in this study, were not predictors of GIRD. Factors not assessed in this study, such as deeper muscle stiffness, capsule/
ligament laxity, and neuromuscular regulation of muscle stiffness may also contribute to GIRD. Since it is the largest contributor to GIRD,
causes of changes in humeral retrotorsion need to be identified. The osseous component only accounted for 13.3% of the variance in GIRD,
indicating a large contribution from soft tissues factors that were not addressed in this study. These factors need to be identified to develop
evidence-based evaluations and intervention programs to decrease the risk of injury in baseball players.
Copyright  2014, Shanghai University of Sport. Production and hosting by Elsevier B.V. All rights reserved.
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Physical examination of the dominant (throwing) shoulder
of baseball players consistently demonstrates glenohumeral* Corresponding author.
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http://dx.doi.org/10.1016/j.jshs.2014.04.008internal and external rotation range of motion (ROM) adap-
tations when compared to the non-dominant (non-throwing)
limb.1e8 A typical baseball player presents with greater hu-
meral external rotation (external rotation gain) and less in-
ternal rotation on the dominant limb (glenohumeral internal
rotation deficit (GIRD))2,3,6,9e11 compared to their non-
dominant limb. GIRD is calculated as the difference in the
maximum humeral internal rotation angle between theProduction and hosting by Elsevier B.V. All rights reserved.
300 E.E. Hibberd et al.dominant (throwing) and nondominant (non-throwing)
limbs.12 A deficit of 10e17 of internal rotation is common in
the dominant arm of throwing athletes who have not suffered a
shoulder injury.2,6,13 Baseball players also present with
significantly increased external rotation ROM when
comparing the dominant shoulder to the non-dominant
shoulder.1,2,14 The external rotation gain tends to range be-
tween 8 and 12 and is offset with a corresponding decrease
in internal rotation.1 During the cocking phase of pitching and
throwing, the high level of loading on the shoulder passive
restraints may cause gradual stretching of the capsular
collagen leading to an increase in external rotation ROM.15e17
Increased external rotation ROM coupled with high joint
forces can exceed the physiological limits of the shoulder
joint, compromising joint stability.15
In baseball players it has been demonstrated that total range
of motion (TROM) of the dominant (throwing) arm is equal to
TROM of the nondominant (non-throwing) arm.2,3,6 Some
have hypothesized that TROM is more relevant for evaluating
injury risk and that as long as internal rotation ROM loss is
equal to external rotation ROM gain, there is not an increased
risk for injury.14 Side-to-side differences in TROM have pre-
viously been described as risk factors for the development of
throwing related injuries in baseball players.17
When a loss in internal rotation ROM occurs on the
dominant limb without an associated increase in external
rotation ROM, pathological GIRD presents. It has also
recently been suggested that pathological GIRD is more
relevant to injury risk in overhead athletes than simply eval-
uating GIRD.18 GIRD has previously been identified as a risk
factor for shoulder and elbow injury, such as internal
impingement,4 superior labral lesions,19 and ulnar collateral
ligament injury.20 For example, baseball players with 25 or
more of GIRD are at an increased risk of shoulder and elbow
injury17 and pitchers with 20 or more of GIRD are twice as
likely to sustain a throwing-related shoulder injury that limits
their ability to pitch compared to those who did not have
GIRD.16
While the exact causes of GIRD are unknown, it is
commonly attributed to subtle microtrauma to the static and
dynamic restraints of the glenohumeral joint from repetitive
overhead throwing, contracture of the posteroinferior joint
capsule, and osseous adaptation of the humerus.2,5,6,13,21,22
Hypertrophic changes from the high distraction forces
placed on the shoulder during repetitive throwing/pitching
have been theorized to be the cause of thickening of the
posterior glenohumeral capsule (in the dominant limb of col-
legiate baseball players) and has been correlated with lesser
humeral rotation ROM.13 Stiffness of the posterior shoulder
musculature may also play a significant role in restricting in-
ternal rotation ROM. Hung et al.22 demonstrated that stiffness
of the teres minor, infraspinatus, and posterior deltoid corre-
lated with a deficit in internal rotation in patients diagnosed
with stiff shoulder. Similar to the posterior glenohumeral
capsule, the hypothesis is that stiffness develops in the pos-
terior shoulder musculature in order to counteract the
distraction forces that occur during the throwing motion.In addition to the soft tissue contributors discussed above,
the amount of humeral rotation ROM is also a function of the
amount of humeral retrotorsion present in the upper extrem-
ity.2,5,6,21 Humeral retrotorsion represents the amount that the
distal humerus is twisted relative to the proximal humerus.
The contribution of humeral retrotorsion to humeral rotation
ROM may be especially large in overhead athletes, given the
torsional moments that are placed on the humerus during the
act of throwing.23 The dominant limbs of throwing athletes
repeatedly show more humeral retrotorsion, shifting the gle-
nohumeral rotation arc toward the external rotation direction,
thus decreasing internal rotation.2,5,6,24,25 This decreased in-
ternal rotation results in the deceiving appearance of having
posterior shoulder hypomobility, prompting clinicians to pre-
scribe a stretching program,26,27 when in fact the soft tissue
tightness may not be presented.
As part of the injury evaluation process, as well as during
pre-participation screenings, humeral rotation ROM is
measured to identify GIRD in overhead athletes.14,28,29 When
GIRD is identified, treatment that targets posterior shoulder
structures is often prescribed, as the deficit in internal rotation
ROM is theorized to result from tightness of the soft tissue in
the posterior shoulder.15,26e28,30 These treatments include
stretching exercises to address muscle flexibility,26,30 joint
mobilization to address capsular tightness,31 and other forms
of manual therapy32 to address neuromuscular abnormality.
Yet ROM data that are obtained clinically and interpreted as
measures of soft tissue tightness likely reflect contributions
from capsuloligamentous, musculotendinous, and osseous
components that affect the clinical interpretation. Those
components include the amount of posterior glenohumeral
capsule thickness, stiffness in the posterior shoulder muscu-
lature, and the amount of humeral retrotorsion
present.2,5,6,13,21,22
Therefore, the purpose of this study was to determine the
extent to which muscular, capsuloligamentous, and osseous
factors contribute to ROM characteristics commonly seen in
baseball players. By understanding which factors have the
greatest relative contributions to clinical measures of range
motion, clinicians can develop more effective interventions to
reduce the incidence of injuries.
2. Materials and methods2.1. ParticipantsParticipants were male high school baseball players (junior
varsity and varsity level) who participated on one of 12 high
school baseball teams from across the state of North Carolina
during the 2012 spring baseball season. One hundred and fifty-
six high school baseball players were included in the current
analysis (age ¼ 15.9  1.4 years; height ¼ 178.4  6.5 cm;
mass ¼ 74.1  12.2 kg). Of the 156 players included in the
analysis, 88% (140 players) experienced GIRD, with less in-
ternal rotation ROM on the dominant side compared to the
non-dominant side (a more negative number indicates greater
GIRD). Prior to participation, a parent/guardian of all
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approved consent for their son to participate.2.2. Data collectionEvery testing was conducted at each team’s high school
facility (athletic training room, gymnasium, or classroom
setting) allowing data from an entire team to be captured
during one testing session. All testing sessions were conducted
at the beginning of the spring baseball season, prior to the
initiation of competitions. Each participant started the testing
session by completing a participation history survey, which
captured a thorough history of baseball participation, current
and past playing positions, and throwing-related upper ex-
tremity injury history. Each player then underwent an assess-
ment of humeral rotation ROM, humeral retrotorsion,
posterior capsular thickness, and muscle stiffness.
Humeral rotation ROM was defined as the maximum hu-
meral internal and external ROM and assessed with digital
inclinometer (The Saunders Group, Inc., Chaska, MN, USA).
The participants were supine on a portable treatment table
with 90 of shoulder abduction and elbow flexion (Fig. 1).
Scapular stabilization was provided by the examiner through a
posteriorly directed force at the coracoid process to isolate
motion at the glenohumeral joint.4,33 The examiner provided
overpressure to passively rotate the limb to end range of
rotation while a second investigator aligned the digital incli-
nometer with the forearm and recorded the humeral rotation
angle. Reliability and precision of the humeral rotation ROM
assessment had been established by the principal investigator,
yielding intrasession and intersession intraclass correlation
coefficients (ICCs) between 0.985 and 0.988
(SEM ¼ 1.5e2.6).4,12,30,34 A three-trial mean for dominant
and non-dominant passive humeral internal rotation ROM was
calculated, and the dependent variable of GIRD was calculated
as the bilateral difference in humeral internal rotation (domi-
nantenon-dominant).
Humeral retrotorsion was defined as the amount that the
distal humerus is twisted relative to the proximal humerus andFig. 1. Glenohumeral internal rotation range of motion assessment.assessed utilizing indirect ultrasonographic techniques
described in the literature.12,25,35,36 This method has previ-
ously been shown to have a strong correlation with the hu-
meral torsion measurements calculated using computed
tomography (CT).37 Participants were supine on a treatment
table with 90 of shoulder abduction and elbow flexion
(Fig. 2A). A tester positioned a 4-cm linear array ultrasound
transducer (LOGIQe, General Electric, Milwaukee, WI, USA)
on the participant’s anterior shoulder with the ultrasound
transducer level with the plane of the treatment table (verified
with a bubble level) and aligned perpendicular to the long axis
of the humerus in the frontal plane. The second tester rotated
the humerus so that the bicipital groove appeared in the center
of the ultrasound image, with the line connecting the apexes of
greater and lesser tubercles parallel to the horizontal plane
(Fig. 2B). A grid was applied to the display of the ultrasound
unit to aid examiners with positioning of the humeral tuber-
cles. The second tester placed a digital inclinometer on the
ulnar side of the forearm, pressing firmly against the ulna, and
recording the forearm inclination angle with respect to hori-
zontal plane. Since the ulna extends perpendicular to the
elbow epicondylar axis (line connecting the medial and lateral
epicondyles), this angle reflects the angular difference be-
tween the epicondylar axis (distal humerus) and the lineFig. 2. Humeral retrotorsion assessment.
Fig. 3. Posterior capsule thickness assessment.
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and lesser tubercles (proximal humerus), thus representing
humeral retrotorsion. Three trials were performed bilaterally
and averaged to obtain the dependent variables. Reliability and
precision of the humeral retrotorsion assessment has been
established by the research team, yielding intrarater and
interrater ICCs between 0.997 and 0.991
(SEM ¼ 0.8e1.5).37 A three-trial mean of dominant and
non-dominant limb humeral retrotorsion was calculated and
the dependent variable of humeral retrotorsion limb difference
was calculated as the difference between dominant limb hu-
meral retrotorsion and non-dominant limb humeral
retrotorsion.
Posterior glenohumeral capsular thickness was defined as
the distance between the humeral head and rotator cuff and
measured using the valid, reliable diagnostic ultrasonography
methodology described by Thomas et al.13 The participants
were seated upright in a chair and their arms relaxed on their
laps. After applying sound coupling gel, the ultrasound
transducer was placed on the posterior aspect of the shoulder
(transverse plane), so that humeral head, glenoid labrum, and
rotator cuff could be visualized (Fig. 3A). Previous research
confirmed this placement of the ultrasound transducer as the
correct location to visualize the posterior capsule.13 The pos-
terior glenohumeral capsule was identified as the tissue
immediately lateral to the tip of the labrum, between thehumeral head and rotator cuff (Fig. 3B). Once identified, an
image was labeled with subject identifier information and
saved for later analysis. Posterior glenohumeral capsular
thickness was obtained by measuring its width through Image J
software (National Institute of Health, Bethesda, MD, USA).
Three trials were performed bilaterally and averaged to
obtain the dependent variables. All posterior capsule thickness
images and measurements were taken by the same member of
the research team. Reliability and precision of the posterior
capsule thickness assessment was established before the
project started yielding an ICC of 0.957 and SEM of 0.02 mm.
A three-trial mean of dominant and non-dominant limb pos-
terior capsule thickness was calculated and the dependent
variable of posterior capsule thickness limb difference was
calculated as the difference between dominant limb posterior
capsule thickness and non-dominant posterior capsule
thickness.
Stiffness of the posterior shoulder musculature was defined
as the resistance of posterior shoulder musculature to defor-
mation and assessed with a handheld muscle compliance
probe (Myotonometer, Neurogenic Technologies, Inc., Mis-
soula, MT, USA) using the methodology reported by Hung
et al.22 (Fig. 4). The Myotonometer quantifies tissue stiffness
by measuring the amount resistance encountered when a probe
is pushed downward on the muscle and underlying tissue.22
Force-displacement curves were generated, allowing for
muscle stiffness to be quantified. Prior to data collection, the
validity of the myotonometer was established for muscle
stiffness by comparing the stiffness of the biceps brachii
muscle obtained with the myotonometer with muscle stiffness
data obtained using a muscle dampening oscillation model.
The muscle dampening oscillation model has previously been
considered the gold standard for assessment of muscle stiff-
ness in the lower extremity.38 A similar oscillation protocol
was implemented in the biceps brachii and correlated with
values from the Myotonometer in a pilot study conducted in
preparation for this project. In a counterbalanced order, 10
subjects held a weight equal to 15% of their maximum
voluntary contraction and performed the oscillation protocol in
addition to performing an isometric contraction while the
Myotonometer was used. Based on the results of our study,
there is a good relationship between stiffness values calculated
using the oscillation protocol and stiffness data obtained with
the myotonometer (r ¼ 0.70, p ¼ 0.02). These results indicate
that the Myotonometer is a viable field measure of muscle
stiffness that can be utilized clinically.
Similar to the posterior glenohumeral capsular thickness
assessment, each subject was seated with their arms relaxed on
their lap for posterior shoulder muscle stiffness to be assessed.
The head of the Myotonometer was placed on standardized
positions for the posterior deltoid, infraspinatus, and teres
minor muscles (posterior deltoid ¼ 2 cm caudal to the pos-
terior margin of the scapula, infraspinatus ¼ 2 cm below the
medial portion of the spine of the scapula, teres minor ¼ one
third of the way between the acromion and inferior angle of
the scapula). Reliability and precision of the myotonometer
assessment was established prior to data collection, yielding
Fig. 4. Muscle stiffness assessment.
Table 1
Predictor variable side-to-side comparisons for all players (n ¼ 156)
(mean  SD).
Variable Dominant Non-dominant
Internal rotation () 45.6  8.1 53.9  7.8a
Humeral retrotorsion () 78.1  10.8 62.3  10.8a
Posterior capsule thickness (cm) 0.17  0.02 0.16  0.03a
Posterior deltoid stiffness (N/cm) 18.0  10.0 14.8  4.0a
Infraspinatus stiffness (N/cm) 18.6  7.65 21.5  14.2a
Teres minor stiffness (N/cm) 18.0  13.3 16.5  9.5a
ap < 0.05, compared with values of dominant side.
Contributors to GIRD 303interrater ICCs between 0.879 and 0.959
(SEM ¼ 0.37e0.74 mm). Bilateral assessment of each muscle
occurred with the dependent variable being the side-to-side
difference between the dominant limb stiffness coefficients
and the non-dominant limb stiffness coefficients for each
muscle.2.3. Data analysesTable 2
Predictor variable side-to-side comparisons for pitchers (n ¼ 47)
(mean  SD).
Variable Dominant Non-dominant
Internal rotation () 44.9  8.8 54.2  7.7a
Humeral retrotorsion () 80.0  12.0 61.8  11.7a
Posterior capsule thickness (cm) 0.18  0.03 0.17  0.3a
Posterior deltoid stiffness (N/cm) 16.5  3.7 14.9  3.3a
Infraspinatus stiffness (N/cm) 17.7  3.4 21.8  15.4
Teres minor stiffness (N/cm) 17.6  9.0 16.8  8.0
ap < 0.05, compared with values of dominant side.Descriptive statistics were calculated for each predictor
variable and side-to-side comparisons were performed. Paired
samples t tests were measured for each variable to determine if
significant side-to-side differences existed between the vari-
ables of interest. Side-to-side difference between the dominant
limb and non-dominant limb was then calculated and used as
the dependent variable in the regression analysis. A stepwise
linear regression model was used to examine the contribution
of the side-to-side differences in posterior capsular thickness,
muscle stiffness (posterior deltoid, teres minor, infraspinatus),
and humeral torsion to GIRD for all players and an additional
regression model was used to examine only pitchers. All
variables were entered into a multivariable stepwise linear
regression to determine the significant predictors of GIRD,
where only variables that significantly contributed to the
model ( p < 0.05) were retained. Statistical analyses were
performed using SPSS version 19.0 (SPSS Inc., Chicago, IL,
USA).
3. Results
There were significant side-to-side differences for all vari-
ables assessed in all players (Table 1). Glenohumeral internal
rotation ROM (t155 ¼ 14.1, p < 0.0005, mean difference
(md) ¼ 8.4) and infraspinatus muscle stiffness (t155 ¼ 2.7,p ¼ 0.008, md ¼ 2.9) were significantly less on the
dominant side compared to the non-dominant side. Humeral
retrotorsion (t155 ¼ 17.9, p < 0.0005, md ¼ 15.7), posterior
capsule thickness (t155 ¼ 8.0, p < 0.005, md ¼ 0.01 cm),
posterior deltoid muscle stiffness (t155 ¼ 4.2, p < 0.0005,
md ¼ 3.2 N/cm), and teres minor muscle stiffness (t155 ¼ 2.0,
p ¼ 0.050, md ¼ 1.4 N/cm) were significantly greater on the
dominant side compared to the non-dominant side. The
regression model for prediction of GIRD in all baseball
players was statistically significant (R2 ¼ 0.134, F(1,
156) ¼ 24.0, p < 0.01) with only humeral retrotorsion dif-
ference included as a significant predictor (b ¼ 0.243,
t156 ¼ 4.9, p < 0.01). A greater humeral retrotorsion side-to-
side difference was associated with greater GIRD.
The analysis was also performed on 47 high school baseball
players who listed their primary position as pitcher
(age ¼ 16.2  1.3 years; height ¼ 181.1  5.9 cm;
mass ¼ 75.3  10.5 kg). Side-to-side descriptive values and
comparisons of pitchers are presented in Table 2. Of the 47
pitchers included in the analysis, 85% (40 pitchers) experi-
enced GIRD, with less internal rotation ROM on the dominant
side compared to the non-dominant side. Glenohumeral in-
ternal rotation ROM (t46 ¼ 7.7, p < 0.0005, md ¼ 9.3)
was significantly less on the dominant side compared to the
non-dominant side. Humeral retrotorsion (t46 ¼ 10.7,
p < 0.0005, md ¼ 18.1), posterior capsule thickness
(t46 ¼ 5.6, p < 0.005, md ¼ 0.02 cm) and posterior deltoid
muscle stiffness (t46 ¼ 3.2, p ¼ 0.002, md ¼ 1.6 N/cm) were
significantly greater on the dominant side compared to the
non-dominant side. There were no significant differences in
infraspinatus ( p ¼ 0.076) or teres minor ( p ¼ 0.208) muscle
stiffness between limbs in athletes that listed pitcher as their
primary position. The regression model for prediction of
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as pitcher was statistically significant (R2 ¼ 0.126,
F(1, 46) ¼ 6.50, p ¼ 0.01) with only humeral retrotorsion
difference remaining as a significant predictor (b ¼ 0.254,
t46 ¼ 2.6, p ¼ 0.01). A greater humeral retrotorsion side-to-
side difference was associated with greater GIRD.
4. Discussion
The results of our study indicate that humeral retrotorsion is
a significant contributor to GIRD in high school baseball
players and pitchers, a finding that is in agreement with pre-
vious literature.12 In addition, previous research has linked
greater humeral torsion values3,39 with altered ROM.2,5,6,25,40
While humeral retrotorsion is a significant predictor, it is
important to acknowledge that it only predicted 13.3% of the
variance in GIRD. Even so it is important to acknowledge the
role of humeral retroversion to GIRD as previous literature has
linked both (retrospectively and prospectively)4,16,17,19,20,41
and increased humeral retrotorsion (retrospectively and pro-
spectively)35,42 with shoulder and elbow injury. Together, this
indicates that increased side-to-side differences in humeral
torsion values point to an increased likelihood of developing
GIRD and potentially shoulder injury, especially if the
development of GIRD is accompanied by a loss in TROM.16
Humeral retrotorsion of the dominant arm in baseball
players, exhibited by a large side-to-side difference, is a result
of one’s cumulative overhead sport experience. Theoretically,
players with more baseball experience would demonstrate
greater side-to-side humeral torsion difference and, therefore,
greater GIRD. Players in this study had played baseball for an
average of 9.0  2.1 years. The average age of players was
15.8  1.3 years indicating that the majority of players began
playing baseball around age 7. This is a considerable amount
of time for the arm to adapt to the stressful throwing motion,
especially while the body is still growing. The natural humeral
retrotorsion adaptation that occurs through typical maturation
decreases from birth through skeletal maturity.36,43 Previous
literature has determined that youth and adolescent baseball
players between the ages of 11e12 appear to undergo the
largest increases in humeral retrotorsion.36,44 This age range
corresponds with high growth plate activity in the humerus,
thus the repetitive stresses from throwing that occur during
this time produce significant increases in retrotorsion.45
Considering the age of participants and their baseball experi-
ence, it is understandable that a cumulative phenomenon such
as humeral retrotorsion is a significant predictor of GIRD.
The side-to-side differences in infraspinatus, teres minor,
and posterior deltoid stiffness were not significant predictors
of GIRD. Heightened stiffness of these muscles may inhibit
internal rotation by providing eccentric resistance. The re-
petitive stress of the throwing motion causes baseball players
to develop greater muscle stiffness to counteract the joint
displacement forces during the throwing motion.1 This serves
as a protective mechanism from injury by maintaining the
stability of capsuloligamentous restraints.1 Based on the re-
sults of the current study, the stiffness of these muscles wasnot a significant contributor to GIRD. Although we theorized
muscle stiffness of the superficial shoulder muscles would
influence ROM measures, it may be the case that ROM re-
strictions are more affected by stretch tolerance properties of
the muscle than the passive stiffness that was measured in the
current study.46
Side-to-side difference in posterior capsular thickness was
also not a significant predictor of GIRD. Theoretically, the
posterior capsuloligamentous tissues of the glenohumeral joint
would absorb the remaining energy when the posterior rotator
cuff muscles do not respond adequately to decelerating the
arm during the acceleration phase of pitching and
throwing,13,15 although this has not been demonstrated in vivo.
Posterior capsular thickness is a physiological tissue adapta-
tion to overcome the increased stress of the throwing mo-
tion.2,5,6,25,40 Increased thickness, which has been observed in
the throwing arms of collegiate baseball players compared to
non-overhead athletes,13 leads to the development of posterior
capsule contracture. With an increase in posterior capsule
thickness (signifying posterior capsule contracture), increased
GIRD is expected due to limitations that are expected to
present in internal rotation ROM on the dominant side. The
measurement of posterior capsule thickness evaluated the su-
perior portion of the posterior capsule. While this measure-
ment only took into account one area of the posterior capsule,
the superior portion of the posterior capsule is easily identi-
fiable and measureable using diagnostic ultrasound. Previ-
ously, a relationship between the posterior capsule thickness at
this measured location and GIRD has been identified.13 It is
important to acknowledge the posterior-inferior portion of the
posterior capsule was not assessed in the current study. The
posterior-inferior portion of the posterior capsule has previ-
ously been linked to alterations in scapular kinematics and
range of motion47e50 and may be a significant contributor to
GIRD; however, it cannot be easily identified using diagnostic
ultrasound on a clinical exam.
In the current study, the average side-to-side difference in
posterior capsular thickness was only 0.1 mm. In previous liter-
ature linking GIRD and posterior capsule thickness in collegiate
baseball players, the average difference between dominant and
non-dominant limbs was 0.38 mm,13 which is much greater than
that observed in the current sample of high school baseball
players. The side-to-side differences in posterior capsule thick-
ness aremuch smaller in the high school population of the current
study than in previous studies of collegiate baseball players.13
Differences in strength, physical maturity, and participation
factors may be factors that differ between these age groups and
may account for the variation in posterior capsule thickness be-
tween high school and collegiate baseball players.
The current study evaluated pitchers and position players.
Because pitchers throw the ball many more times than position
players, with greater force, we theorized that fibroblastic
healing that occurs due to repetitive stress on the posterior
capsule, and is the cause of posterior capsule hypertrophy,
would be a greater contributor to GIRD in pitchers than in
position players. Surprisingly, our data did not support a sig-
nificant contribution from the posterior capsule thickness in
Contributors to GIRD 305either position players or pitchers. It is possible that while
posterior capsule thickness does not appear to influence GIRD
measured prior to the season, the capsule may thicken over the
course of the baseball season. Therefore, it may be interesting
to assess capsular thickness and its contribution to GIRD at the
end of the season.
Although statistically significant, humeral retrotorsion only
accounted for 13.3% of the variance in GIRD. As measured in
the current study, the stiffness of the superficial shoulder
muscles and capsular thickness were not significant predictors
of GIRD. As previously discussed, the lack of significant
findings could be due to methodological limitations of field-
based research; however this information is important, as
these are the methods that clinicians would have available for
evaluation. In addition to methodological considerations, there
may be additional physical characteristics that were not
assessed in the current study that may contribute to GIRD.
Factors not assessed in this study that may contribute to GIRD
include: additional glenohumeral muscles such as the latissi-
mus dorsi, trapezius, pectoralis major/minor and rhomboids,
capsule or ligament laxity, active stiffness of the musculature,
neuromuscular regulation of muscle stiffness, and assessment
of the posterior-inferior capsule thickness. Assessment of
these additional properties may provide additional information
regarding modifiable soft-tissue properties that are associated
with GIRD, which would provide clinicians with valuable
information for evidence-based injury prevention programs.
This study was subject to several limitations. The handheld
myotonometer is a relatively new piece of equipment used to
measure superficial posterior muscle stiffness. Though stan-
dardized positions were used for placement of the myoton-
ometer, the effect of body composition on the placement is not
known. These standardized positions had been used in a pre-
vious study measuring muscle stiffness of the same muscles
and allowed for a relatively quick, field based assessment of
all subjects.36 In the current study, all stiffness measurements
were passive measures of muscle stiffness. However, neuro-
muscular regulation of these variables during activation may
play a role in functional GIRD and injury risk in overhead
athletes. In addition, the myotonometer cannot be used to
assess stiffness of deeper muscles, which may be contributors
to alterations in glenohumeral ROM. There are several limi-
tations that should be acknowledged regarding the posterior
capsule measurement used in the study. First, this measure-
ment has not been validated in cadaver studies. In the current
study, the capsule thickness was lower than in previous studies
(as previously discussed) and side-to-side differences may be
below the precision of the equipment. Finally, this study
evaluated baseball players who were healthy at the time of
testing, thus we cannot extrapolate our observations to players
with current shoulder or elbow injury.
Future studies are needed to further investigate the factors
associated with the GIRD. Although statistically significant,
the regression equation only predicted 13.4% of variance in
GIRD for all players and 12.6% of the variance in pitchers.
Future research should focus on identifying additional phys-
ical characteristics that are contributors to GIRD in order todevelop targeted, evidence-based stretching programs to
improve internal rotation ROM in baseball players. Muscle
stiffness from additional musculature, such as the latissimus
dorsi, trapezius, pectoralis major/minor and rhomboids, as
well as neuromuscular regulation of muscle stiffness may also
contribute to GIRD. In addition, participation factors may
significantly influence measures of GIRD and humeral retro-
torsion. Future studies should consider evaluation of throwing
mechanics and pitching/throwing volume, which may be sig-
nificant predictors of GIRD.
5. Conclusion
Humeral retrotorsion accounted for 13.3% of the variance in
GIRD. The stiffness of the superficial shoulder muscles and
capsular thickness, as measured in this study were not pre-
dictors of GIRD. Factors not assessed in this study, such as
deeper muscle stiffness, capsule/ligament laxity, and neuro-
muscular regulation of muscle stiffness may also contribute to
GIRD. Since it is the largest contributor to GIRD, causes of
changes in humeral retrotorsion need to be identified. The
osseous component only accounted for 13.3% of the variance in
GIRD, indicating a large contribution from soft tissues factors
that were not addressed in this study. These factors need to be
identified to develop evidence-based evaluations and interven-
tion programs to decrease the risk of injury in baseball players.
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